Abstract
Introduction
Caveolae [1] are plasma membrane flask(omega)-shaped invaginations present in many cell types [2] [3] [4] . These structures are particularly prominent in the interstitial cells of Cajal (ICC), the gut pacemaker cells [5] [6] [7] [8] [9] , and in the smooth muscle cells (SMC) [10, 11] , but their role is not fully understood yet. In the early 1970s, caveolae were proposed as sites of excitation-contraction coupling in visceral SMC [11] [12] [13] cytoplasmic concentrations in definite nanospaces [17] [18] [19] [20] . Caveolae have also been involved in many cellular processes: transcytosis [21, 22] , potocytosis [23, 24] , endocytosis [25, 26] , signal transduction [27] [28] [29] , control of cellular growth and proliferation [14, [28] [29] [30] .
The caveolins [31] [32] [33] [34] , [21] [22] [23] [24] kD integral proteins inserted into the inner leaflet of the plasmalemma, are the principal components of caveolae and responsible for caveolae characteristic flask shape [35] . Three caveolins isoforms have been identified: Caveolin-1, - [2] [3] [31, 32] . Cav-1 is highly expressed in caveolae of the SMC and ICC. Caveolins leave both COOH-and NH2-terminal ends in the cytosol where they have binding sites for numerous signalling molecules involved in the regulation and organization of various signal transduction pathways [36, 37] . In the absence of caveolins, no morphologically identifiable caveolae are detected and this loss leads to the dysfunction of caveolin-associated proteins [15, 33, 34, 37] . Recently Negative controls were performed without using the primary antibodies and all of them had no labelling. All antibodies used are summarized in Table 1 . (Fig. 1B) . Fig. 1C and D) . On the contrary, the Ano1-IR on the ICC present in control mice (Fig. 1E) was completely lost in the Cav-1 Ϫ/Ϫ mice (Fig. 1F ).
Quantitative analysis

The density of the SP-immunoreactive (SP-IR), NK1r-IR and NK2r-IR structures was evaluated in transverse sections of control and
c-kit-IR at the ICC located either at the myenteric plexus (MP) and deep muscular plexus (DMP) showed the same intensity and distribution in both groups of mice (
NK1r-IR was detected either in the submucous (SMP) or MP neurons of control and Cav-1
Ϫ/Ϫ mice with both antibodies used, that is from Vigna [51] and the commercially available one ( Fig. 2A  and B ). SMC were also labelled by both antibodies and, in the SMC, NK1r was mainly distributed on the cell surface (Fig. 2C) the plasma membrane of the SMC (Fig. 2G ) whereas in the Cav-1 Ϫ/Ϫ mice it was mostly internalized in the cytoplasm and more intense ( Fig. 2F and H) . Fig. 2A and E) . In the Cav-1 Ϫ/Ϫ mice, the labelled structures had the same distribution as in controls, although being significantly less numerous ( Fig. 2B and F) . Fig. 3A and C) . NK2r reactivity was higher than in controls, but the difference was not statistically significant (Fig. 3B ).
SP-IR was detected in myenteric and submucous neurons and in intragangliar and intramuscular varicose nerve fibres of control mice (
Quantitative analysis
The mean Ϯ S.E.M. density of the intramuscular NK1r-, NK2r-and SP-IR was evaluated and quantitative analysis demonstrated significant differences between control and Cav-1 Ϫ/Ϫ mice as regarding the NK1r and SP positivity, being the former increased twice and the latter reduced half as much (
Electron microscopy
In control tissue, SMC and ICC were rich in typical flask-shaped caveolae, 40-60 nm in diameter, frequently opened on the plasma membrane ( Fig. 4A-D Fig. 4A-D) . The SER cisternae were still present nearby the plasmalemma but showed few contacts with the large-sized caveolae (Fig. 6C  and D) . Another striking feature consisted in an extraordinary richness in mitochondria in SMC and ICC from Cav-1 Ϫ/Ϫ mice.
5C). Neuronal perikarya and nerve fibres appeared normal (Fig. 5C). The most important ultrastructural abnormalities were seen in the SMC and ICC. One of these was the absence of the typical caveolae and the presence of large (150-200 nm in diameter) flask-shaped vesicles close to or opened on the plasmalemma (Figs 5A and 6A, C and D). These structures were very few, 195 in 185 SMC profiles (about 1 for each SMC profile) and 34 in 63 ICC profiles (0.5 for each ICC profile). We named them large-sized caveolae because opening on the plasma membrane and showing the same shape of the typical caveolae (
These organelles, however, had the same morphology and size of the control ones. In the ICC, they filled the entire cytoplasm (Fig. 5A-C) and in the SMC were clustered in paranuclear regions (Fig. 6B) . [54] ) were frequently seen at the submucosal border of the circular muscle layer. As previously described for the myocardial ones [55] , the characteristic caveolae were not observed in intestinal telocytes from the Cav-1 Ϫ/Ϫ mice but large-sized caveolae were occasionally seen opening on their plasmalemma (Fig. 5D) , similarly to ICC and SMC. Fig. 1 (A, B) Cav-1-IR. In the control (A) [33, 34, [38] [39] [40] . According to the literature [15, 33, 34, 37-40, 55, 56] 
Cells with the features of telocytes [53] (formerly called interstitial Cajal-like cells, ICLC
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Fig. 2 (A-D) NK1r-IR. In the control, the labelling is intense on the ICC (A) and in the smooth muscle cells is on granules mainly distributed on the cell surface (C). In the Cav-1 Ϫ/Ϫ mice (B, D), the labelling is more intense (B) and mainly internalized in the cytoplasm (D). (E-H) NK2r-IR. The smooth muscle cells are labelled both in control (E, G) and Cav-1 Ϫ/Ϫ mice (F, H). In the Cav-1 Ϫ/Ϫ mice, the labelling is more intense (F) and internalized in the cytoplasm (H). (A, B, E, F) SP-IR. Labelling is detectable on myenteric and submucous neurons and on intragangliar and intramuscular varicose nerve fibres.
In contraction [45] and required for the rhythmic contractions of the intestinal smooth muscle [42] [43] [44] [40, 41] . However, a defective response to nitric oxide and ACh release was observed [40, 41] 
